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[57] ABSTRACT 

A BPSK-MPP-DS-CDMA system is devised based on an 
M-aiy pulse position modulated spreading-scquenoe signaL 
Under same bandwiddi, same amount of energy used for one 
decision, and same bit error rate comparison conditio ns, if 
the number of users is less than the pumh ^^^ Jivjiilfthlf. 
sequence signals in the spreadi Dg sequence signal set {S^(t)} 
used in the BPSK>MPP-DS-«JMA .system, tne multiple 
access capacities of fte BPSK-MPP-DS-CDMA system 
accordiae to the present invention fey M=4, M=8, and M=16 
_ are improved bv factors of at least 1 .335 , 1 >66, and 1.65 over 
conventional BPSK-DS-CDMA systems . On the other hand, 
if the number of users reaches N^, the multiple access 
capacity can not be increased iuther, however, the bit error 
rate g[ the system still be reduced. FUithemuire, significant 
amount of transmission energy is saved. 
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MCTHOD AND AWARATUS FOR 15] "Bror Probrfrility of Asynchioacus S^ead Spectrum 

IMPLEMENTING A DIRECT^UENCE ^^^^^ Access Communications System^ by K. 

CODE DIVISION MULTIPLE ACCESS Yao, IEEE TVans. Commom. Vol. COM-25, pp. 

COMMUNICATION SYSTEM WITH AN M- 803-«07, 1977. 

ARY PUI^E-POSmON MODULATED 5 [6| "Direct-Sequence Spread Specmmi Multiple-Access 

SPREADING-SEQUENCE SIGNAL Communications wi& Random Signature Sequences: 

Large Deviations Analysis", by J. S. Sadowsky and R. 

CROSS REFERENCE TO RELAXED k. Babr. IEEE 'bans. Inform. Theory VoL37, No. 3, pp. 

APPUCAnON 514-527, May 1991. 

This amotion is a continuation-in-part of U.S. patent *^ [71 'Digital Communications aod Spread Spectrum 

a5>plication Scr. No. 08/077347, filed Jun. 14, 1993, now Systems'*, by R. E. Zicmcr and R L. Petctson, 

U.S. Pat. Na 5446,757 wWcfa is hereby inocoporated by Macmillan, New Ycak, Ch.U, 1985. 

refercnoe. [8] "Spread Spectrum Multiple Access Communications, 

Multi-User communication Systems", by M. B. 

BACKGROUND OF THE INVENTION 15 p^^^ edited by G. Longo, Springer- Vcriag, New 

1. Held of the Inventioo York pp. 139-199, 1981. 

The raeseot invention reUtcs in general to a mettiod <rf [91 "Pcrfonnancc Evahiation far Phase-Coded Spread- 
data transmission and reception, spccificaUy, to a method of Spectrum Multiple-Access Conunumcation-^tot H: 
data transmission and reception using code dhdsionmultq)lc jo . Code Sequence Analysis^ by M. B. Purslcy and D. V. 
access (CDMA) techniques. Essentially, it is a main sub- Sarwate* IEEE Trans. Commun., VoL Com-25, No.8, 
system that provides spreading- sequence modulation, pp. 80(V-803, August 1977. 

demodulation, and detection of a digital commiinlration Remarkable results have been denved m pertment refer- 

system employing direct-sequence spread spectrum tech- ence [2], **0n the Capacity of a CeUular CDMA System" by 

idques ^ 25 A, J. Vdairi et aL This p^ shows that die net m^jrove^ 

2 EtescriDtion of Prior Art meat in aqjaoty provided by CDMA systems is four to sU 

2. Descr^onafPtiorArt tiincs neater ttondwt of digital TDM^ 

The spread spectrum techruque was developed in die ^^^20^ ff^ than that of current amilog 

mid.l950's, and ^ItT^A m/ffi lys^ Sore. CDMA may becomel 

spread^spe^systemscanbefoundm Tle<jy^ Sr comii^cation system scheme in the fto^^ 

SpectomComirmm^^ 30 major ^^^^^ ^ ^^^^^^ 

Pickholtz ^-P^^^^^I^^J^^ because the Lpadty ofa CDMA system is inversely pro- 
Communications, VOL COM-30, NO. 5 pp. 855-884, May ^ toTpowff of ooss^orrclation noise which is 

cu.*. «^ Txx^^ influenced and can be reduced by: (1) voice activity With a 

A conventional Binary Phase Shift Keying-Direct ^ approximately and (2) spatial isolation 

Sequence-Spread Spectrum (BPSK-DS-SS)commumcation » nudti-beamcd «- multi-sectored antennas, 

system is shown in FIGS. lA-lB. A multiple access com- Therefore if we can find anodia: factor that reduces die 

munication system diat cnoploys spread spcctrumteduuques cross-carrdadon noise, multiple^ooess capacity 

is termed a "code division multiple access (CDMA) sys- increased correspondingly, 
tern.** The coofiguratioD of a basic CDMA system is shown 

in FIG. 2. A more detailed description of fee conventional SUMMARY OF THE INVENTION 

BPSK-DS-SS (or mK-DS-CDMA) T^e priinary object of the present inventiDD is to provide 

1 u pvea bclw .n Ae secUon foUowing the sulvheadmg ^^^^^ ^^i greateTmultiple access capacity that 

•Terfonnance Evaluations. J^Iies less tiMisnusstoTenergy thkn conventional BPSK- 

The CDMAtcdmique was developed mainly iS-f-nM A 5vrteim. Accordingl y, a CDMA system based on 

of capacity. Ever sm« analog cdluto syaemsr^^ .„ n uUe^Mon modulated spreadine-sequen'^riS'- 

capacity limits in 1987. reseaidi efforts have been d«svoted „^ isX5cpOTas_iYstemLis caf«a a BpS^-Wp-^ 

to inqwoving the capacity of digital ccUularsystenis. There ^^^i^^iZ^ s^rK£!/td-yi-^ Msc PSIBon 

arc three basic inultq)le access schemes; frequency division \/ioMabeA -t>iiect Seauence-^ibMA) system, ' jhfcjate 

multiple access (FDMA). time division mutaple access ^ ,„ rf.^, ^aem an ds out a seau^ of data bits with ,a , 

CTDMA). and code division multiple access (CDMA). To , hit rf..n.ho n T. Ihe system ot tte mesent invention fim UcUAv^ i 

aid understanding of the development of the present ujven- eonv««ts the serial data bit^trami toto K parallel btt ^""^^ 

tioB system and conjaiing it to the related systems, a list <rf „e <iuences. I heife K M ia Uel Ut jcmiCHWit eau be vouSSmS 

rttmmxs b given below: ~^^^,„. j>rf. nf K.bit vectors with each bit having a 
(l)"OverviewofCenuiarCDMA»,byWlliamCY.lJM, « duration of KT. An inte go N., U .lelected to divide each KT 

IEEE Trans. Vch. Ibch^ V(d.40. No.2. pp. 291-302, into intervals, wifli each intovai hayine a dutatlon of 

May 1991. X„ T„=«r/Nj_. A sprrading-^ r m if ixT-rignal. S, 'ffl jn a 

[21 'tJn die Cecity of a Cellular CDMA System", by A. ^sraeading-sequence signal set {S„(t)}. which contains N „ 

J. VlteibLL.A.Weav«.andC.E.WhcatteylII,IEEE ^j^dtgandom sequeoce. Oold oade. or prttogonal code 



Trans. Veh. Tech., VoUO. No^ pp. 303-312, May ^ signals, is ttien chosen as the signature of t he i-m user. The a 

1991. sbreadine-sequepce signal S^^t) has aikriOd-pftJ^ahd ms /^p 

1 **A Statistical Analysis of On-oflf Patterns in 16 a chip digation eoual to x ^iias^ v^ ^ rurmer diviaea Inio I . , 

TedL J., pulse positions, whge M=!z^-\ and each pulse position CJn { p 

has a duration of T„ T/=T^. Then eadi K-bit vector is J, . ^ j^^^ j 

by J, K. 65 converted into a cotresonding package of duty-pulses in ^y^fUmOvi 



[3] ""A Statistical Analysis of On-off Patterns in 16 a chip 

Convffsations", by R T. Brady, Bell Syst Tech. ' 

Vol.47, pp. 73-91, January 1968. 
(4) "Coherent Spread Spectrum Systems' , — ^ ^-a, 

Holmes, J<An Wfley and Sons, New York, pp. 3 88-389, every dur^n KT wift eac h dutVHJulse set according to a 

prcsciected mapping table to ajyear in one of the M pulse^ 
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pn^irin^ ff w ith a M^i fl polarity . Tbis dirty^z^ il^if^trajn^ FIG. 5B shows an cxan^le of a sprcading-scqucncc 

mo(lluLted'witfa the qgcading-sc<] | Ucnoe sifinairSj?(5rThe signal for modulating the pulse train shown in FIG. SA; 

modulated Signal IS nnther modulated by a cairi FIGS. 6A*-6B show two control-pulse trains for re^>ec- 

transmitted tn a rhanncLof the oomTminication system. tivdy controlling the ONADFF operations of switches Si and 

At the fccdvi n y end of j^jnimle^ti pn system, the ' 5 Sj in the recdvcr shown in FIG. 3B; 

received si gnal is synchronously demodulate d by a locally FIG. 7 shows the block diagram <rf another type of 

3°"^ '^'Sf spreadin^-scqucncc signal SpTtl BPSK-BFP-DS-CTMA receiver devised in acawdancc with 

/ " J to recoveiLtsacfa_dutyrp tii» narim pe^ duration KT. The . present invention; 
UiOJrrK X ^ pii^-pftsMon and pnl»mfy cif Dubcs in eaA ix xdved^For the BPSK-QPP-DS-CDMA System: 

jSHtycprf^T^aAape ^ «id are uSdloHna-fe >o HG. 8A shows a block diagram of a BPSK-QPP-DS- 

Kit puffa^n-^y^P^nf^ hy j^^^ Aaffi. pMA CTansmltla dcTviscd lo aocordaoce with the prcscnt 

by ref erring to the m^^g table mentioned above. In th is invoition; 

- y«Y riie .^u«ir^ nf K-hif v«tnrs transmitt ed from the FKi. 8B shows a block diagram of a BPSK-QPP-DS- 

tT,*n^^np^T,..*^>.^>^,^ rpA^yr, fh^ t^ ^jY^i jignfli: ' CDMA lecdvcT devised in accordance with the present 

Under same comparison condition that the energy used "*^J^°L an ciw.™ ^^r^^^ «.tH™« 

for one dedsioo (this cnagy is defined in paragraphs under ^^Jf"'^^ ^ ^^^J^ 

die suWieading "PerfonSnce Evaluations-) in all con- ge^ated in re^nse to cightpossft^^^ 

cemed^rste^ is equal, the present invention system ^^}^^ ^"^.^ an «ample of the wavefonn of an 

(BPSK-MPP-DS-CDMA system) has three favorable char- cnoyptcdjtoty pulse train; 

acteristics when compared to conventional BPSK^DS- ^ . ^•/•^J^^' an example of a sprcadu^sojuence 

CDMA systems. Thes^ctmstics include reducing the ^^^^*,ff^*^« ^! ^ 

power of cross^ ooirelation noise. Increasing multiple ^ ^ ^T^^'^'^v^^ 

SUilyTiiiaTeclucuig tian^ssxon energy. ^ " ^^^^ controlling the ON/OFF operations of switdies S„ 

«4«miy, «uu iwwii^ uauauuD^uii , ^ ^ Sj, and S4 in the rBoeivcr shown in HG. 8B; 

me powCT of oassHDoneUtion noise is reduced by a ^ nc. 12 shows the block diagram of a TVpe 2 BPS& 

fertorof Kif Mpulse^wationsareuscdm QPP-DS-CDMA receiver devised in accordance with die 

the cases that the concsponding multiple access cquuaty is p^ent invention* 

not limilcd by the number N. of available sequence signals 15A-13F show six contrd-pulse trains for respec 

m the sprea^g-sequence signal set {S^{t)}, then under ^^^^ controlling die ON/OFF operations of the switches 

same bandwiddi and same bit error rale comparison 3^ s.., S.»,S,„Sm.S„. and hi the receiver shown in FIG. 

conditions, the multiple access cqiadty is inqffoved by a " » ^ 

factor of at least L335 if the ^stemis based on IfeB; 1.66 J^jq ^ y^dc diagram of a TVpe 3 BPSK- 

if thesystemisbasedonK=4; and if the system is based qpp.dS-CDMA receiver devised in accordance with the 

on IfcSyCoDvcrscly, when the multiple access capacity is invention; 
limitcdbyN^thatis^whenthenumbcxcf user's hasrcached^Poj. 4^ BPSK-MPP-DS-CDMA System: 

the reduced cross-correlatiwi noise power sdll reduces ^^^^ ^ diagram of a BPSK-MPP-DS- 

the bit error rate of the system. QDUA transmitter devised in accordance witfi the present 

For an M-ary system of die present invention, tramsmis- invention; 

ston energy is only VK of diat used by conventional pjQ ^^^^^ ^ diagram of a BPSK-MPP-DS- 

systems, Le., (K-l)/K of transmission energy is saved. ^ QDMA receiver devised in accordance witti the present 

The proofs of these results are given below in paragraphs invention; and 

under the sub-heading Tedbcmanoe Bvahiations** of pre- FIGS. 16A-16B depict the pulse-position f<xming proce- 

fenrcd embodiments. dure for the M-aiy system of the present invention; 

BRIEFDESCRIPnONOFTlffiDRAWINGS „ ^iJ^^^TJ^t^S^ 

The present invention can be more fully understood by present invention; 

reading the detailed descriptions of the preferred p|Q. itb shows the block diagram of a TVpe 3 BPSK- 

crabodiments, and referring to the accompanying drawings, MFP-DS-CDMA receiver devised in accordance with die 

wherein: present invention; 
"-^iih. For the Conventional BFSK-DS-SS System: -^^or Pofcamanoe Bvaluaiions: 

FIG. lA shows a block diagram <rf a conventional BPSK piQs, 1«A-18C show die fcnning jwocess of an example 

dirert sequence qaread spectrum system transmitter, of die cross-crareUtcd waveform of d/t-^.)PNXt)PNXt-T,) 

FIG. IB shows a block diagram of a canvcational BPSK conventional BPSK-DS-CDMA systeni. 

direct sequence qiread spectrum system receiver, ViGS. 19A-19D show die fcmning (nocess of an cxan^le 

FIG. 2 shows a basic CDMA comnmnicalion system 35 cross-ooarelatcd waveforms of d^(t-t^)PN/(t-t^) 

^ "^Ij PN.'(t)P,\l) and d^t-Ta)FN/(t-T^)PN '0)?^^ f« the 

— ^ For die BPSK-BPP-DS-CDMA System: mvection BPSK-BFP-DS-CDMA system. 

FIG. 3A shows a Uock diagram of a BPSR-BFP-DS- 

CDMA transmitter devised in accordance with the present DETAILED DESCRIPTIONS OF THE 

invention; 60 n(EFERRED EMBODIMENTS 

FIG. 3B shows a Irtock diagram of a BPSK-BPP-DS- 

CDMA receiver devised in accofxlance with the present The present invention relates to spread spectrum commu- 

invendon; nicadoo systems and is based on an M-ary pulse-position 

FIGS. 4A'-4D show four duty-pulse package patterns modulated spreading-sequenoe signal. In the following 

generated in response to four possible 2-bit vector patterns; 65 detailed descriptions, exanq>les of cases of M?! and M=4 

FIG. 5A shows an cxanq>lc of the waveform of an are given. Hnally, a BPSK-MFP-DS-CDMA system is 

encrypted duty-pulse train; described. 
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A BPSMPP-DS-CDMA System (K=2» M=2) 

Refer to FIGS. 3A-^. TTl^^fifi » HP<;K-RI>P-DS. 
CPMA (binary phase shift kev^binary pulse po^m i 
niodukted^pct sequence-code divisioD nmltiple ag ^s) ^ 
system devised io accordance witti tne present lovcaaod. 
The transmitter is shown in FIG. 3A and the receiver is 
shown in FIG. 3B. 

The transmitter that transmit s binary fflp?^ from data 
f^rc p 2Qft t ft ft f;f^^"^Trfnvn r"«""^ inrludes 2-bit 10 
serial-to-paralld converter 210^ BPP-DS modulator^ , 
and carrier modulator 230. The BPP-DS modulatOT 2Z0 
^consists of duty-pulse enayptcy i^i and pulse modmator 
222. 

In practice, a data bit "^r is r^esented by a positive 
square pulse with a time duration T and a data bit * -r is 
lepreseoted by a negative square pulse also widi a time 
duration T at the output of data source 200. When a data bit 

stream BS=(bo,b^. b^ b^^ . . . )is sent out by date 

source 2M to transmissibh th^^ Ue commumcatibn 
channel to the receiver, the data bit sgeag BS is first 
converted by serial-to- parallei convenearll^ into two pa^ 



(c) if the input 2-bit vector is (-1, 1), then duty-pulse 
encryptor 221 sends out a package of consecutive 
neptivc square oulscs with pulse duration T during ttic 
larval 2T and with each square pulse ^)pcaring at 
pulse position PP^; and 

(d) if the input 2-bit vector is (-1-1), then duty^xdse 
enoyptor 221 sends out a package of N^^ consecutive 
negative square ^ pulses with pulse duration T, during 
tliepeciod 1^ and with each square pulse iqspearing at 
pulse position I^^. 

These mapping relationsh^ are presented in Table A2 
and also depicted in FIOS. 4A-4D. 

TABLE A2 



15 



20 



Bit 



Epcrvpted Dutv-Polses 



(I. 1) 
(1, -1> 
('U I) 
(-1,-1) 




allel bit streams bS i and b'S^. BS= (bn, b^, b.. ... . b^,, ... ) 

andlB^2=<b,, b,, b, . b^i, . . . J. HftWcver. ttiTSro 

dilation of each bit in bs^ and BH^ is Zi; Cjonsequeniiy; 
seiial-to>parallel converter 210 sends out a sequence of 2-bit 
vectors (b^;, bj^i), 1=0, 1, 2, . . . . to Biy-DS modulator 220. 
Eadi 2-lat vector thus formed is a bit pattern of the four 
possible bit patterns listed in Table Al. 

TABLE Al 

a 1) 
a -I) 
(-1, 1) 
(-1, -1) 



The square pulse in each chip T^ is caUcd a "duty-pulse.** 
25 Only one duty-pulse is present in each chip T^. For 
exan^le, if the ei^t leading bits in bit stream BS are (U -1. 
-I, -1,-1, 1. 1, 1), flien duty-pulse enoyptor 221 sends out 
the concqx>nding signal x^Ct) illustialed in FIG. 5A. The 
signal Xi(t) is subsequently modulated by the spreading- 
30 sequence signal Sp'(t)diat has a sequence period of N^Fot 
N_,=Ntp. the timing relationsh^) between x/t) and S/{i) can 
be seen in HGS. 5A-5B. The S[»cading.sequence signal 
Sp'(t) contains consecutive nearly random bits each 
having a duration of T^ (the is caUed the **pedodr or 
"code lengdi** of the corresponding spreading-sequence of 
the spreading-sequence signal). The ou^t signal of pulse 
modulator 222. 



35 



In B£T-DS modulator 220, each 2-bit vector is first con- 
vcrted by duty-pulse encryptor 221 into a dutVrPUls^pack- 40 
ape and then momiiatoa m pulse moduitttof~2aarwith a 
^eading'Scquence sifpal S^^(t). Inthepresentmv^ 
' ' ' ' ™ - ^cfa'dnration'i'r'iaioij 

jiaving a duration of T^ 



(I) 



integq; ti^ is sdected tojlivlderea 
equal intervals with each interval havmg a duration ot 
Tc^=2T/N^^. The duration T« is also used as 'he chq > 45 
diuration oFtfac' s'prcadinf^-slBquSioe sigpai S^Tt). Each is 
further divided into two pulse-positions (in general the 
niimlw a{ n uisc-DositionsJ s equal to the M in the M-^ 
ystem) . The duration of each pulse-position is T ^ T,=T,;J2. 

ItiSfiT wigua each T ,;^ ^ termed' ^W^" » 



The two 



nd-»HWres^cgvcl 

"The duiy-pulse encryptor 221 includes a built-in one-to- 
ooe mapi&ng table. The mapping table defines the generation 
of duty-pulse packages in response to possible bit patterns of 
the 2-hit vector (b^bj^i). The prrfcrred embodiment of die 55 
present invention incorporates a map^ug table having the 
following mapping relationships: 

• (a) if the input 2-hit vectw is (1, 1), then duty-pulse 
encryptor 221 sends out a package of N^p consecutive 
poiitLaeLSQuarjejjulsei with pulse duration T^ during the eo 
atoval 'il' ^dLw itfa eadi square pulse appearing at 
pulse-position^^^ 
(b) if the inpuNa® vector is (1,-1), then dnty-pulse 
enoyptor 221 sends out a package of Njp consecutive 
positive ^y^^ pulses w ith pidse duration T, during the 63 



is further modulated by carrier modulator 230 with a sinu- 
soidal signal C(t>KV2P sin(a^t) into a carrier-modulated 
signal x^{xy where P is the power of Qt). The canicr- 
modulated signal is dien transmitted through a communica- 
tion channel to its destination. 

Refer to FIG . 3B . The transmitted signal is received by the 
receiver at the receiving end of the channel. In noise free 
environments, the received signal is yi(t)=Ax3(t-T,), where 
*'A** is the anq>liaide of yfi), and x. is the transmission delay 
of x^t). The signal yi(t) is demodulated by multiplying it 
with CXt-T^/2sinQ^(t-Tj), where is an estimate of x,-. 
Since this descr^oo is only to demonstrate the system 
operation, A=l and Xj=T|=0 can be assumed without loss of 
generality. The demodulated signal yaCt) is then multiplied 
by a locally generated spreading-sequence signal Spit-^i). 
The waveform of the demodulated signal y^{i) would then 
be identical to Xi(t) at the output of duty-pulse encryptor 221 
(in FIG. 3A> However, the absence of noise is only an ideal 
condition; in practice, the signal y^t) nuy be expressed as: 



C2) 



interval 
pulse position H*; 



ith each square pulse ^ipearing at 



where I(t) is cross-correlation noise, and n(t) is white noise. 

A pan- of switches S| and Sj whose operations are 
controlled by pulse trains CP,(t) and CPjCt), respectWcly, 
are connected to the ou^ut of pulse demodulator 232. The 
waveforms of GPi(t) and CPj(t) are shown in FIGS. 6A-CB. 
Each square pulse in CPi(t) turns on switch S^ and each 
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square pulse in CPjCO turns on switch S> Matched filters 
241 and 242 Qntegrate-anddun^ circuits for the present 
invention) are respectively connected to switches Si and 
such diat the signals passing through or S3, denoted by 
y,x[i) and y^t), are processed by matched filters 241 and 
242. The signals oo^t from the matched filters are sampled 
by sanaplers 251, and 252 and the sanded sfgnals are given 
by 



(3) 



10 



comparator 292 generates an output bit of d^^l. Conversely, 
if the input signal is negative going, conq^aratof 292 g^- 
erates an outpat bit of d^s-l. 

Based on d| and d^, the bit patton. (fi2^ ^m)* rqxrcscnted 
by the received N^, duty-pulses can be determined. Recall- 
ing JMe A2 and 'IU>le A3, the relationships between (63,, 
62^4.1) and (dx, d^) are obtained and given in IWe A4; 

TABLE A4 



(4) 



«i(*)=-4r yaH^ 

where fc=l, 2 N^. 

Summers 261 and 262 are used to sum Z|(k) and zjilt^ far 
k from 1 to Nc^, respectively, to resulting sl^ials iqvesen- 
tative of two statistics 1=1, and 2. 



15 



Decifion Bits 


DecipfaeitdBil Wtstem 






a 1) 


(1. 1) 


(-1. 1) 




(-1,-1) 


(-1. 1) 


(I, -1) 


(-1. -I) 



20 



(5) 



(6) 



25 



Define a statistic A^IAiMA,!. whoc lAJ is the absolute 
value<tf A,, lr=U and 2. Also define two decision bits d| and 
d,, where d^ is used to indicate the pulse-position of the VL, 
duty-pulses within a duty-pulse package received during 2T, 
and d2 is used to indicate the polarity of the duty-pulses, 
'nble 3A shows the lelatioaships between (d|, d^) and the 
pulse-position and polarity of the received duty-pulses. 

TABLE A3 



30 



Rporived Duty-Pulaes 



Piila»^08tliaQ 



Potnitjr 



DacisbaBitB 
(di.da) 



PP, 

PP, 



4-1 
4-1 
-1 
-1 



(1, 1) 
1) 

(-1, -1) 
(1, -1) 
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The dedsioa bit d^ is deteimined according to the following 
principles: 43 

(1) if Ago, then di=L and 

(2) if A<athendia-L 

These principles are implemented in comparator 291 wtdch 
compares the magnitude of the signal A with a zero refer- 
ence voltage. Acccrdhigly, so 

if A^O, then comparator 291 generates a logic high 
voltage cepresenling a bit and 

if A<0. then comparator 291 generates a logic low voltage 
representing a bit * -1**. 

The subsequent step is to detennine the decision bit d^, 55 
diat is, the digit rqnesenting the polarity of the duty- 
pulses within a duty-pulse package received during 2T. This 
is implemented in comparator 292 which is connected via 
switches S3 and S4 to aunmcrs 261 and 262. The decision 
hit dp determined previously, is used to control the opera- 
tions of S3 and S4. If d^^I, then S, is turned ON and S4 is 
turned OFF allowing only signal A^ to pass to conq^arator 
292. On the other hand» if d^s-l, then S3 is tuined OFF and 
S4 is turned ON allowing only signal A, to pass to com- 
parator 292. 65 

Comparator 292 c om pares its iiqMit signal with a zero 
reference voltage. If the iqwt signal is positive going. 



Logic circuit 295 with (d|, dq) as inputs and (bj/, 6^1) as 
outputs is devised to implement the logical relationships in 
Table A4. The design of logic circuit 295 is easy to diose 
skilled in the art of logic circuit design, so that detailed 
circuit diagram thereof need not be illustrated and described 

Two parallel data bits and 6314.1 are then obtained 
which are subsequ^y conveited to a serial bit stream by 
parallcl-to-setial converter 296. Thus, paralld-to-serial con- 
verter 296 sends out a serial bit stream that is an estimate of 
the bit stream sent by data source 200 of the transmitter. 

FIG. 7 shows a block diagram of another BPSK-BPP- 
DS-CDMA receiver structure. The intcgrate-and-dump cir- 
cuits for matched filters 241 and 242 in this embodiment 
have integration intervals from 0 to 2T. Therefore, at the 
outputs of samplers 251 and 252, die same A] and A, 
provided by summers 261 and 262 in the receiver shown in 
FIG. 3B can be obtained. The rest of this embodiment is die 
same as diat shown in FIG. 3B. Therefore, no finther 
description need be given. 

Exan^le 2 

A BPSK-QPP-DS-CDMA System (K=3. M=4) 

Refer to FIGS. 8A-8B. These show a BPSK-QPP-DS- 
* CDMA (QFP stands for ^tjuatemaiy pulse-posidon**) oom- 
munication system. The traxismittcr is shown in FIG. 8A, 
and the receiver is shown in FIG. 8B. Since the system 
shown in FIGS. 8A-8B contains many con^nents similar 
in structure to the system shown in FIGS. 3A-C3B and 
previously described in dctaiL description of the system 
shown in FIGS. 8A-8B concentrates 00 differences between 
the two systems and ignores similarities. 

In FIG. 8A, the data bit stream BS is converted by 3-bit 
serial-to-paraUel converter 31t into three parallel bit streams 
BS], BS3, and BS3, 



60 BSr=<b2,bs,W,...,b«.„...X 



(7) 
(8) 
<50 



with the duration of each bit in BS|, BS2, and BS3 equal to 
5T. Consequendy, 3-blt serial-to-parallel converter 310 
sends out a sequence of 3 -bit vectors (b^^ bj^i, bji^^) 1=^* 

1. 2 to the QFP-DS modulator 320. Each 3-bit vector 

thus formed is a bit pattern of the eight possible bit patterns 
listed in Table Bl. 
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TABLE Bl 



0>n. Nwi. *>s*f2) 



(1. 1. 1) 

a» I. -I) 
(1. -1, 1) 
(I, -1, -1) 
(-1. 1. 1) 
(-1, 1. -1) 
(-1.-1. n 
(-1, -1. -1) 



10 



Refer to FIGS, 9A-9H. A number N^p is sckctcd to divide 
each duratioo 3T into equal intervals. Each interval has 
a duration T^=3T/N|p. This time duration T^^ is also 
used as the cfai^ duration of the qoeadijig-sequcoce sig^ 
S^'(t) used by the transmitter shown in FIG. 8A. Eadi is 
fiutlKr divided into four pulse-positions with each pulse- 
position having a duration of T^ T,=T^4. The four pulse- 
positions are denoted PP^, PPj, Wy. and PP4. 

A mapping table that defines the generation of a duty- 
pulse paclage at the ou^t of duty-pulse e&ayptor 321 in 
response to the iq>ut 3-bic vector from the output of 3*bit S-P 
convener 310 is piedefuied to have the following mapping 
relationships: 

(a) if the 3-bit vector is (1, 1, 1), ttien duty-pulse encryptor 
321 sends out a package of N^p consecutive positive 
square pulses (hereinafter refenred to as "du^-pulses**) 
during bit duration 3T, with each duty-pulse appearing 
at pulse-position PPi; 

(b) if die 3-bit vector is (1. 1« -IX then duty-pulse 
encryptor 321 sends out a package of N^p consecutive 
positive duty-pulses during bit duration 3T, with each 
duty -pulse ^ipearing at pulse-position PPj: 

(c) if the 3-bit vector is (1, -1. 1), then duty-pulse 
encryptor 321 sends out a package of N^^ consecutive 
positive duty-pulses during bit duration 3T, witii each 
duty-pulse appearing at pulse-position PP3; 

(d) if ftc 3-bit vector is (h -1. -1), then duty-pulse 
encryptor 321 sends out a package of consecutive 
positive duty-pulses during bit duration 3T, with each 
duty-pulse appearing at pulse-position PP4; 

(c) if the 3-Wt vector is (-1, 1, 1), ttien duty-pulse 
encryptor 821 sends out a package of N^^ consecutive 
negative duty-pulses during bit duration 3T, witii each 
duty-pulse appearing at pulse-position 

(f) if the 3-bit vector is (-h U -1). tiieo duty-pulse 
encryptor 321 sends out a packa^ of Ni^ consecutive 
negative duty-pulses during bit duration 3T, with each 
duty-pulse sppesaing at pulse-position FP^; 

(g) if the 3-bit vector is (-1, -I, 1), then duty-pulse 
encryptor 321 sends out a package of amsecutive 
negative duty-pulses during bit duration 3T with each 
duty-pulse eppcanag at pulse-position FP^; and 

(h) if the 3-blt vector Is (-1, -1. -1), then duty-pulse 
encryptor 321 sends out a package of consecutive 
negative duty-pulses during bit duration 3T, with each 
duty-pulse Bppesrmg at pulse-position PP^. 

These mapping relationships are presented in Table B2, 
and illustFBted in FIGS. 9A*9H. 
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TABLE B2 


Bh httcm 


Encrypted Dutv-Pulacs 


Ohh t>sif i« 


Puho-PositjoD 


Polwity . 


a. t, 1) 






(1. 1.-1) 




^1 


(1, -1. 1) 




•fl 


(i» -1) 




4-1 


(-i» 1. 1) 




-1 


(-1. 1.-1) 




-1 


(-1. -1. 0 


PP2 


-I 


e-i.-i. -1) 




-1 



Table B2 shows only a preferred exan4)le of the mqiping 
relationsh^s. Bach bit pattern can be assigned by a one-to- 
one mapping relationship to any of the eight possible 
duty-pulse package patterns. Therefore, there are 81=40320 
possible mapping tables making it extremely difficult for 
eavesdroppers to decipher the encrypted duty-pulses. 

For exan^le, if the leading twelve bits in the bit stream 
BS are 1-11,-1-1-1, 1-1-1, 111, then duty-pulse encryptor 
321 win send out the duty-pulse train ^^(t) shown in FIG. 

25 

The duty-pulse train Xi(t) is then modulated by pulse 
modulator 322 with a ^sreading-sequence signal S^'(t) that 
has chip duration T^. For tiic case tfiat N^=Nbp, the timing 
relationsh^ between Xj(t) and (t) can be seen in FIGS. 
30 lOA-lOB. The resultant signal x^t), X2(t>=Xi(t)Sp^t), is then 
further modulated with C(t>=>^SI73sin(ci\,t) and the earner- 
modulated signal X3(t) is transmitted through a oommnni- 
cation channel to its destination. 
Refer to FIG. 8B. The receiver contains carrier demodu- 
33 latof 331 and pulse demodulator '332 at the front end, 
fallowed by an amy of four switches S^, S2* S3, and S4, 
whidi are coupled respectively to an amy of four matched 
filters 341^ 342. 343, and 344, and in turn an array of four 
samplers 351, 35Z 353, and 354, and in turn to an anay of 
four summers 361. 362, 363, and 364. The operations of 
switches S|, Sj, S3, and S4 are controlled by pulse trains 
CP,(t), CPaW. CPjW, and CP4(t), shown in FIGS. 
IIA-UD, such that 
fot Uie duration of pulse-position PP^, Si=ON and S^^y^ 
S4=OPF; 

for tiie duration of pulse^sition PP,, Sj^N and $^=8,= 
S4=OFF; 

for the duration of pulse-position PP,, Ss^ON and Si=S3= 
S4=OFF; and 

for tiic duration of pulse-positioo PP4, S4=0N and Si«S2= 
S3=0FF. 

The signals passed by switches S|, S2. S3, and S4, denoted 
53 byy^i(t),y^t),y^(t),aiidy^(t),req)ectivcly,areiHocessed 
by matched filters 341, 342, 343, and 344. The signals output 
from the matched filters are sampled by samplers 351, ^2. 
353, and 354, and the sanq)l6d signals are given by 
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65 



4 f<*- 



l)T^ 



(10) 
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1)7.^+27, 



4 r*^*' 



(12) 



(13) 



Hicse Za(k), ZgW, and are added for k from 1 to 
by sunuDos 361, 362, 363. and 36d, respectlvdy* to lO 

obtain four signals representative die four statistics Aj, 
As. and A^; 



TABLE B3 


Reoeived 


Dutv-Pobes 


Dncirinc 




pstteni 






(di, d^ 








^1 


(1.-1,- 


-1, 


-1, 1) 


»2 


+1 




-1, 


-1. 1) 


»• 




(-1,-1, 


, I, 


-1. 1) 


PP« 


+1 


(-1,-1, 


.-1 


rl. 1) 


PP4 


-I 


(-X. -1. 


-I. 


It -I) 


PP| 


-1 


(-1, -1, 


1, - 


-I. -1) 


PPj 


-1 


(-1. 1.- 


L- 


-I, -I) 


PP| 


-I 




l.- 


i.-l) 



At 



Mr 



(14) 
(15) 
(16) 
(17) 



15 In accordance with die relationship defined in Table B2 and 
Table B3 , the bit pattern rqjrcscntcd by the duty-pulses 
of tiic duty-pulse package reoeived can be determined after 
the five dedsioD bits d^, d,, d^, d4, and ±, arc detennined. 
These relationships are listed in Table h4\ 
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TABUBB4 



An array of four absolute value generators 371, 372« 373, 
and 374 is used to genoate the absolute values of the four 
statistics A^, Aj, A3, and A4. The absolute values lA J, lAjl, 
WjU and I794I are compared with one another in magnitude 
comparator 381 to detennine which one has the largest 
vahie. If lAjl has die largest value, it indicates that each pulse 
of die Nfep duty pulses within a duty-pulse package received 
is located at FP,. Magnitude comparator 3S1 has four output 
l^ts di, d^, d3, and d4 (the use of four ou^ut bits is just for 
presentation convenience, actually two output bits is suffi- 
cient to indicate die results) to indicate which statistic has 
die largest absolute value. The values of these bits are 
assigned according to the following princ^>les: 

if lAJ is largest, then di«l, d^l» d^a-l, d^i; 
if lAJ is largest, then di=-l, d^^* dy=^U d^l\ 
if lAj! is largest, then di=-l, d^U dj=l, d4«^I; and 
if IA4I is largest then di=-L d2=-l, dy^l, d4=l. 
The outputs of summers 361. 362, 363, and 364 are also 
connected to switdi drcoit 390 which is controlled by d^, d^ 
d,. and d^ such diat 
if d|=l and d2^=d4'^i. A| is passed as an ou4»t, 
if d^l and d^^^d^l, Aj Is passed as an output 
if d3=l and d|^l7==d4=^l. As is passed as an ou^ut and 
if d4=l and d^=d^^-=>-U A4 is passed as an output 
As a result only die statistic diat has the largest absolute 
value among the four statistics is selected to pass through 
switch circuit 390 and is denoted A^ Ap is (hen compared by 
conquffator 382 to determine die polarity of the pulses 
within the duty-pulse package received. The cu^ut of 
comparator 382 Is the polarity decision bit d^, where 

d^=l if AplO. i.e., the input signal has a positive 

magnitude, and 
d^^l if Ap<0, ic, die input signal has a o^adve 

magnitude. 

The relatiooships among decision t^t patterns (d^. d,, d3, d4, 
and die pulse-positions and polarities of Ni,, duty-pulses 
received are listed in Table B3: 
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DeciskmBits 
(d„d,.d,.d*<V) 


Deci^Mod Bit Pittcsis 
(oa. $iKit ^Bua) 


(t-1,-1. -t 1) 


(t 1. 1) 


(-1. I, -l.-t 1) 


(t t -1) 


(-1, -1, 1. -I. 1) 


(t -t 1) 


(-1.-1.-1. 1, 1) 


(t-l.-l) 


(-1,-1.-1. 1,-1) 


(-t 1. 1) 


(-1.-1. t-l.-l) 


(-tl.-l) 


(-1,1,-1.-1.-1) 


(-t -t 1) 


(t -t-t -1. -1) 


(-1. -t -1) 



Logic circuit 401 constructs tfie tnidi table for Table B4. The 
three paFallei ou^ut bits of logic drcuU 401 are convoted 
into a serial bit sequence by parallel-to-scrial converter 402 
such that the estimate of the data Int stream originally sent 
out from data source 300 (in the transmitter) is obtaijied. 

FIQ 12 shows a type 2 embodiment of die BPSK-QPP- 
DS-CDMA receive?. In this embodimmt switches S^, and 
S 12 are controlled by die pulse trains CP,i(t) and CPi2(t) 
shown in FIGS. 13A-13B, respectively, and switches S,!. 
Saa, S23, and S24 arc controlled respectively by die pulse 
trains CPji(t), CP^iit), CP^(i). and CP24(t) shown in FIGS. 
13C-13F such that 
Su=ON and SxrOFP for nT,St<(n+l)T^ 
Su:^FF and Sij^ON for (n+^l)T,^t<{n+2)T^ 
S2i=0N and S22=S23=S24=OFF for nT^^i<nT^4T^ 
SjrON and S2i=S23=S24=OFF f« nT^+T,^t<nT^+ 

Sjj^ON and S2i=S22=Sj4=OFF for nT^+2T.^t<nT^+ 
3T^ and 

Sa4=ON and S3}==Sxr;523«OFF for nT^+3T,St<nT^+ 
4T^ 

55 whcxea=0, 1.2, ...Those skilled In die ait can casHy see 
that this lype 2 i>niiwwHffw>nt of the BPSK-^IFP-DS-CTOfA 
receiver has die same function as die BPSK-QIV-DS- 
CDMA receiver shown In FIG. 8B. Thus, a detailed descrq>- 
ticm of the operations of this embodiment need not be given. 

FIG. 14 shows a block diagram of al^pe 3 embodiment 
of me BPSK-QPP-DS-(JDMA rccdver. In diis embodiment^ 
matdied filters 341, 342. 343. and 344 are integrate-and- 
dump circuits having integration intervals from 0 to IT. 
Therefore, at die outputs of sami^ers 351. 352, 353, and 354, 
6S the same A|. Aj, A3 and A4 provided by the summers in the 
receiver shown in FIG. 8B can be obtained. 
A BPSK-MPP-DS-CDMA System 
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An M-ary system of the present invention is shown in sprwding-scqocncc signal set {Sp(t)}, then multq)lc access 

RGS. 15A-15B and is called a BPSK-MPP-DS-CDMA capacity is improved by a factor of at least 

system. The transmits is shown in FIG. 15A and the i if the system is based on fc2, 

receiver is shown in no. 15B. Since the basic M-aiy system . ^ ^ «r n 

structure is the same for aU values of M. only those 3 1335 if the system is based on K=3, 

conqxuients that d^nd on the value of M selected need be i.66 if the system is based on Ks=4^ 

described in detail 1 55 |f system is based on K=5. 

Refer to FIG. ISA. A serial data bit stream is converted by ' ^^^»,,i.ii^u^K«M 

K4rit scrial-to-paraUel cooverter 910 into K parallel bit Conversely, rfmultq,le access capacity is limited by N^. i.e 

streams, or in other words into a sequence of K-Wt vectors 10 when the number of users has reached the reduced 

with the time duration of each K bit vectt» equal to KT. As ooss-oarrelation noise power still reduces tfie system bit 

shown in FIG. 16A, an integv is selected to divide each error rate. 

duration KT into intervals with interval durations ^ transmission energy required by tiic BPSK-MPP-DS- 

equal to T^, T^^KT/Nt^ Bach is fuither divided into cDi^^ system is only 1/K of the transmission energy 

M pulscposilioiB wiA cac^ pukc-posWon acquired by conventional BPSK-DS-CDMA systems, and 

doncrfT,(sec HG.16B),whereT^^^ VThe ^s (K-iyK of the transmission energy is saved. 

M pulse-positions are designated PP^t=l, 2 M. Since •"«»v«' f ^ r^. ^ . . 

each pulse-position can accommodate either a positive pulse These improved Aaractcnstics arc dcnved by theoretical 

or a negative pulse* Ihcw are 2M possible duty-pulse pack- evaluations using mathematical analyses. The results of 

age patterns. So that a one-to-one mapping relationship can 20 theoretical evaluations of the conventional BPSK-DS- 

bc established between the 2M possible bit patterns <rf a CDMA system shown in FIGS. lA-lB arc briefly summa- 

K-bil vector and the 2M possible duty-pulse package pat- j^ic results are thai used as the comparision basis of 

terns. themtical evaluations of the present invention systems. 

Refer to FIG. ISB. The M-ary syston receiver is stnic- ^ ^ „ . ^ u * ^ 

turally similar to die receive Zwn in FIG. 8B except that 25 foUowing evahiaUons, we make four assumptions: 

M components (instead of four), such as switches, matched j present in the communication channel and 

filters, $anq>lers, summers, and absolute-value generators, user's transmitted signal carries equal power P; 

may be used. , , .^1 _i - . w (2> the communication channel does not attenuate the 

The demodulated signal y^(t) is demultg>lcxed mto M ^Z^ZZ.^;ft^A 

parallel pulse streams by an array of M switches which are 30 Power of the transmitted signal, 

respectively triggered ON by CP^t), 1=U 2 M, fw (3) coherent demodulation is employed in the BPSK- 

duiationsofT,inpcriods<rfT^andthenpassedtoanatray MFP-DS-CDMA system receiver; and 

of M matched filters 940, an array of M samplers 950, an (4) A pseudorandom sequence signal PN '(t), which has a 

array of M summas 960, and an array of M absolute-value sequence period N«, equal to and a chip duration 

generators 970, Functional op«aUons of equal to T^^ is us5 7s the spreSling-sequence signal 

«idi ainy arc sunilar to those shown in nO. 8B and ^ B^k-MPP-DS-CD^T^^^^ 

described previously. a\« «»v « ,^ , . . j . 

FIG. ITAshows aTVpc 2 embodiment of IheBPSK-MPP- These four assunq)tions are commonly made m acadcimc 

0S-CDMA receiver. Functional operations of each colI^)o- litaaturc and are also employed in the following analyses, 

nent in this embodiment is similar to that given foi the 40 (i) performance Evaluation of the Conventional BPSK-DS- 

reoeiver shown in FIG. 12, so that detailed descriptions of CDMA System 

embodiment FIGS. lA-IB show a conventional BreK-DS-CDM^ 
0f2eireKS-DS^MA^er.In^^ ^V^^ T^e spreading-sequence signal S;(t) used by ttie 
matched-filter array 940 Includes M intcgrate-and.<luiiip 43 system shown in HGS. lA-lB is assumed to be a pseudo- 
circuits havingintegralion intervals finmiO to KT. Therefore, random ficqucoce signal P^t) having a diip duration of T^ 
at the ou^Hits of sanqdo; array 950, the same A,, t= 1 . 2, . . and a period of This FNXO is the signature of the i-th 
. , M provided by summer array 960 in the receive shown user and is used by the transmitter shown in FIG. lA to 
in FIG. 15B can be obtained. modulate the signal x/t). It is also used by the receiver 

^ shown in FIG. IB to demodulate thereccived signal y(t). For 

Performance Evaluations ^ ^^^^ j ^ ^^^^^ ^ channel and eadi 

Assuming that tfic amount of energy for making one user's transmitted signal carries equal power P, the received 

decision in the BPSK-DS^DMA or BPSK-MPP-DS- signal can be represented as 
CDMA system is equal to FT, it is shown that the BPSK- 

MPP-DS-CDMAsystemof thepresentinvcntionprovidesat / ^ ^,-,.)Pw-^m«^'-V)*<^l-^«('). 

least three improved characteristics over conventional ^'^ ^ ^ ^ ^ w -h^ 

BPSK-DS-CDMA systems: ^ ^ . ^. 

. . ^ - . ^. . where d/t) is a data sequence havmg a bit durauon of T. t. 

(1) it reduces the power of cross-cooelation noise, " wu« »^ ^ . * . . a- : »k 
^ ' V . . ^ is the transmission delay, 6y IS the random phase of the j-tti 

(2) it increases multiple-access capaaty, and «) ^^.^^^ ^nd n(t) is additive white GaussiaD noise. Since 

(3) it requires reduced transmission energy. relative time delays and phase angles need be 
•me power of cross-cwrelation noise is rcchiccd by a factor ^^^^ a ^ ^ of the i-di transmitter can be assumed 
of K, K=I^g J4+1 and M is the number of pulse-positions ^ ^ ^^^^ ' 

selected for the present invenUon system. J . ^ j , ^. *^ 1 

Under same bandwidth and same hit error rate con^>ari- 65 Assuming coherent demodulation, the signal at ttie input 

son conditions, if multiple access cqwuaty is not limited by of the matdied filter (the integrator in FIG. IB) flie i-tti 

the number of available seqnenoe signals in the receiver is given by 
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cos(cocTj-t^)4«(i)\ITpAi(f)riii(a^,0 3 

Where Jd^t) ^ ^^^^ where P,^t) has duration 21. For convenience, we omitted 

couelatioo noisc (CXJN). The Zckj terms are omitted id the ^. • * , / ^ * 
aboveequationsiicetbeywiUbemteredoutb^ ^0 ^^^t^^^^^'^'^^'^l^^ 

filter thi foUows. / lo bandwidths used for the conventional BPSK-DS-CDMA 

Since (o^Xj and in Eq.(19) are unifcrmly distributed BPSK-BPP-DS-CDMA systems are assumed Co be flie 

over (0, 2 7C), ci\,t, can be inchided in 6^ Based on random same. Also, the amount of energy used for one decision in 
NRZ code symbol and from pertinent lefcrcnce 14], the system is assumed to be equal to FT. The transmi t ted 

power ^ctral density (psd) around f=0 of the CCN due to signal ^^(t) in FIG. 3A can then be written as 

the j-th transmitted signal, i.e., 

v1MXt-'Cy)PNXt)PN/t-^y)cos(t>y is derived to be equal to PT^ » VIF W^-^^jriiMot 

3. Therefore, the two-sided psd of the CCN around f=Q is 

given by where (o^ is the cazrier frequency and 

Ihis result was also derived by Pursley and given in perti- ^ * 

nent reference [8]. where d/e{l-l} and 

In pertinent reference [5], Yao proved that the probability _ 
density function (pdf) of N^t) is a{^ximately Gaussian ( i (m- \yr,<t%mT, 

when the number of users is sufficiently large. This result is 
also justified in pertinent reference [6]. Let N^/Z be the 
two-sided psd of n(t) and neglect the ^veading ^ect cf and m equals I or 2 depending on the vector (b2^b3^l)« This 
FN^t) on n(t), the sj^ud-to-noise ratio is then 30 dependence can be seen in FIGS. 4A--4D. Since t^i, b^j^ 

ie{l, -U, PN^'(t) has four possMe duty-pulse package 
2FT (21) patterns, PNo,'(t), n=l, 2, 3, and 4 in each [0, 2TI intervaL 

~ _|_ (y-i)pre + Afe These patterns can be visualized as obtained by multiplying 

^ the wavefmis shown in FIGS. 4A-4D with Pl^'(t). 

For 2(/ - \)FT/i » No, we have 35 FoT the casc Where J uscTS are present hi the channel, die 

received signal can then be represented as 

^ 21T 37 (IT) 

2 .J |\py (J " t)7V , /2j\ 

Consequently the bit ciror rate of the receiver can be derived 

as ^ In FIGS. 4A-4D, we can see that ttie pulses within a 

duty-pulse padcage can be faesent only in FP| PPj. Thus 

/ I 2£i \ we define two hypofteses 

''**^(J 5 .v^r^juu r H,: the pulses arc present in PP^; 

\N -r^'""^'**'^ / H,: the oulses arc nresent in PP.. 



,(•<■ 

I 0 o 



Hj: the pulses arc present in PP^- 
The two statistics Aj and A3 at the outputs of summers 261 

EI I , and 262 in FIG. SB under hypotheses and are then 

iVTci-Aib f given by 

where Efc-PT is the bit cnagy of dfi) and Q(x) is the « Ai»±V7 +/i+ni; a,.|,+hi 

Q-fiiaction. Note that the WtenrxgyE^ is the energy used for A,=/,+ni; Aj=±V7 ♦Ji+m. 
deciding whether the bit of the transmitted di(t) is 1 or -1 

and thus E» is also defined as the "energy used for one ^ere the polarity of ^ is determined by the polarity of the 

^c^or"*. ^cp duty-pulses widiln die duty-pulse package received. I^, 

(2) Pafonnance EvaUiaticfi of die BPSK-BPP-DS-CDMA 55 ^i* ^2 ^d white noise produced terms in FP| and 

System of the Ptesent Invention (K=2; M=2) respectively. The output of summer 280 to A=4Ai»-IAjl. 

FIGS. 3A-3B show the BPSK-BPP-DS-CDMA system. The dedsion rale for comparalor 291 is 
The spreading-sequence signal Sp'(t) used by the system 

shown in FIGS. 3A-3B is assumed to be a pseudorandom ^ f -t-i if a & 0 
sequence signal PNp'(t) \*1iich has a period ecpial to 
and a diq> duration of T^. The index p is used to distinguish 



the pseudorandom sequence signal PNp'(t) from die pseu- The operations <rf switches Sy and S4 are contrived by d j as 

d(a:andom sequence signal FNft) used in ttie conventional follows: 

BPSK-DS-CDMA system diown in HGS. lA-lB. The 1. S3 OD and S4 off if di=l. 

FNp'(t) is the signal of the i-th user. In FIG. SA, the 6S 2. S3 off and S4 on if d^^-l. 

binaiy data signal d/t) is cx>nvcitod by the scrial-to-parallel As a consequence, the signal at the input of comparator 292 

converter 210 into two parallel data sequences is 
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J 2.2 The Signal-to-Noisc Ratio of the BPSK-BW-DS- 
CDMASyston 



Then the decision nile for conqMiator 202 is given by 

( (33) Prom Eq.(37), the signal-to-noisc ratios at die outputs of 

^ sununcK 261 and 262 of ttieBPSK-BPP-DS-CDMA system 

-1 ifA,<o. ^ were calculated and given by 

As a result, the estimate (S^^ bji^j) or bj^,) can be lO 

obtained from Table A4. sMt^ 22 . ^> 

2.1 The Power SpectralDcnsitiesAssoclatBdwithlhcTrans- i [ ^ (/-ijprj +Aib 

mitted Wavefoms * I * J 

From nOS. 4A-^D, we can see that the duty pulses are a-l)prV3»N,>. we have 

present only in PP^ or PP^ and that PN,3' (t)=-PN^'(t) and l$ ^ we nave 

PN J(t>=-PN^i'(t). By using these pr<^)eities and modeling 2FT 09) 

PNjrt) as a random process, the psd of PN^'(t) can then be SNR = _ . • 

dofvedas t[t<^-^>^'J 

^' wa/-^ ^ ConQ)aring Bq.(39) with Eq.(22), that is comparing the SNR 

'^'^'^ of the BPSK-BPP-DS-CDMA system with the SNR of 

ftom pertinent reference [4], the psd of a long direct conventional BPSK-DS-OTMA systems, wc can see that the 

sequence signal PN<(t) is given by SNR is improved by a factor of 2. 

25 23 BitEiroriateof thcBPSK-BPP-DS-CDMASystem 

Sn^T^ Bin e'tiifr,). (35) By considering the hypothesis testing of against Hj. it 

was shown that the exrcr rate P«. of comparat(v 291 satisfies 

Hius, for T^T^ the bandwidths of BPSK-DS-CDMA and 

BPSK-BPP-DS-CDMA are equal and S/f)=S«,<0/2. P,^<UP,t. C^) 

In order to discuss the influence (tf I| and I2 on the bit ^ 

error rate of &c BPSK-BPP-DS-CDMA system, we need to where 
derive the psd of ^d/t--t^)PN/(t-t^)PNp'(t)P^"(t)cos^ 

FIGS.18A-18Cshowancxan^lcoftheCCNduetothcj-(li / >J7 \ ^^^^ 

user's transmitted signal in the conventional BPSK-DS- Vl'»i = 2£?| — i ) 

CDMA system shown in HGS. lA-lB, In HGS. 19C-19D, \ ^ 2 «i / 

we show two CCNs due to users A's and B's transmitted 0.5 mj^te that K/1 is siven in Ea (37^ 

signals in pulse-position PP^ for the i-th receiver of the ^HNiOT) . Note that is given Eq.(37). 

BPSK-BPP-DS-CDMA system, respectively. For x^=T,^j To discuss the error rate of comparator 292. we asaime 

and TipTy, the two wavcfwms of CCNs in PP, shown in that b2j=l is transmitted ftomTibleA4, we know that bjj=l 

HGS- 19C-19D are plotted puiposcly such that they can be ^ occurs when {dj=l, d^^l} or {d,»-l, djsl}. 

considered as decomposed from &c CCN shown in FIG. Therefm, 
18C Actually, the pulses in the three CCNs are all nearly 

independent pulses. Therefore, the polarities of pulses in the wftj,= l>&u=l} = = + 1} ^^^^ 

CCNs shown in FIGS. 19C-19D are not necessary consis- 

tent with the polarities of pulses shown in FIG, ISC. = P{4 = i/di=i}/>{rf,-i> + 

respectively. Since the transmission delay Xj is uniformly /»{A=l/<fi=-iJiP{rfi=-i>, 

distributed over (0. T„) and thus the dcconq>osing process «rvi ^ u v^v*, ^ ^ w ^.^^t^^ 

mentionedabovecan2ways be perfomied,tiUWerof the where PJX} denotes die probability f ;«>"^^ 

CCN produced by two usffs' transmitted signals in PP, of 291 matos a wrong decision, then sUtistic A, or A, oontams 

the BPSK-BPP-DS-CDMA system receiver equals the ^ only intdfcrence noise. Hence we have 
power of the CCN produced by a single user's transmitted 

signal in the BPSK-DS-CDMA receiver. Qeariy, the char- p^^h = i/rfi =-i, m =4" • 
acteristics of CCN in PP, and PP2 arc the same. Since the 

power of CCN is proportional to the number <rf users and Let = = ~^^t = t. "i). Hwi 

since the anqditude of the transmitted doty-pulse is the _ 

psd around f=0 of the CCN in PPi and PPj of the BPSK- Pibu^Vhu^hHt} = (i-Z'.iXi +-5- 
BFP-DS-CDMA receiver is given by 



Wenextinvestigatethecharactcristicsof T|, andn2.F<» . ,^ o^ip ap i"^) 

the worst case, m and TI2 can be conaidcicd as two random Pibv^-lfbu^ l. fit} = +-7 P.i'P.iP^ 

variables woduced by filtering white noise, which has , ^ , „ , ,.ri: 1 « , * 

two-sided psd of No/2, with two ideal low-pass filters having Note that P{bj>:^l/b2^1Jl2}=P{b2r--l/b2j=laf 1 }. Assum- 
bandwidth of 1/T. 65 ing fliat bjj and ba^^i are independent and V{h^\}=V{\)^ 

LetN,/2 denote thetwo-sidedpsdof&etotalinterfatncc -1}=*^ ^ oror rate of the BPSK-BH>.DS-CDMA 

noise at the iagans of matched filters 241, and 242, then system is then given by 
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For 2(J-l)PT>^3Wo« wc have 

/ 1 \ 

/', = /^l+Prt ^-J- y 2PT (50) 

p ^p^*uPt(^-P^\ ConvaringEq^SO) with EqX22), that is compare 

• ^ \^ / of the BPSK-QPP-DS-CDMA system with the SNR of 

....... M conveotioiial BPSK-DS-CDMA systems, wc find &at the 

Since P., is the error rate of a bipobr signahng system and smTiSSov^ of 

UP^fi is me CTTOT rate of Ac cocrespondmg umpdff By considering die hypotheses testing of H*, fc=U3, and 

signaling system, wc have UP,,1100P,2 for P,2<l(r*. 4, as wiflithc BPSK-BPP-DS-CDMA system, wc found that 

BccauscP^<l(r*isusuaUyrcquiredinpiacticc,wccanuse the bit aror rate P. of the BPSK-QPP-DS-CDMA system 

P^+UP„(%-Prt)»UP,i/2 in the foUowing discussion* As a satisfies 
result. 



15 / I 

/I m \ F,<4ww=3cj — - 



2Ek 



(51) 



The E.=Fr in Bq.(48) is the cnagy used for one decision. ^ The in Eq,(51) is the amount of cnogy used for one 

^ w equivalent to a 0,5 dB reduction in SNR. In othCT words, the 

Conq>aring Eq.(48) with Eq^23) under same bandwidth reduced by a factor of 0.89. C:omparing the aigument 

and quaUtycon^wiison conditions, i.c,T,=T^ and the same Q-fiujction in Eq.(51) with ^.(23) under same 

bit error rate, wc have ttie following conclusion: 25 bandwidth and quality comparison conditions, i.e., T/=T^ 

If (J-l)Fr/3»Not the multq)lc access aq>acity oi the and same bit eiror rate, we have the following conclusion. 
BPSK-BFT-DS-CDMA system is at least equal to conven- If 2(J-l)Fr/9»N(>, the multiple access cjqMdty of the 

tional systems. However, half of the transmission energy is BPSK-QPP-DS-CDMA system is increased by a factor <rf at 

saved since each duty-pulse is present only in PPi Off PPa and least 0.89x3/2=1:335 over conventional systems, 

ttie power of each duty-pulse is equal to P. ^ Furthermore, two-Oiitds of the transmission energy is saved 

(3) Ptrfoimana Evaluations of the BPSK-QPF-DS-CDMA since each duty-,Milse is pr«em only ^ 
c * * ^ iw. ♦ ¥ « ^*ir^ fv 1 \jiA\ die power of each duty-pulse is equal to 4PA3. 

System of the Present Invention (K=3, M=4) Perfimance Evahiation ^ BPSK-MPP-DS-CDMA 

FIGS. «A-8B show the BPSK-QPP-DS-CDMA system gystem of the Present Invention (M=2'-*) 
The sprcading-sequcDce signal S/(t) used by the system 35 fHQS. 15A-15B show the BPSK-MPP-DS-CDMA sys- 

sbown in FIGS. 8A-«B is also assumed to be a pseudOTan- ^qq^ ibc sjHcading-sequencc signal Sp'(t) used by the sys- 

dom sequence signal PNp'(t) having a period equal to tern shown in FIGS. 15A-15B is assumed to be a pseudo- 

and a chip duratioD of T^. This FN/ (t) is die signature random sequence signal VSM) having a period equal to 

of the i-lfa usei: As in the BPSK-BPP-DS-CmiA system, for N^^ and a chip duration of T^ This PN^'Ct) is the signature 

puiposes of conqniision, the bandwiddis and ttie amount of ^ of die i-th user. Wc know from analyzmg die BPSK-BFP- 

cnagy used for one decision in the conventional BFSK-DS- DS-CDMA and BPSK-QPP-DS-CDMA systems that each 

CDMA and BPSK-QPP-I>S-CDMA systems are assumed to chip T^ is divided into M, M=2*-\ pulseiwsitions and are 

be die same. The same bandwidth constraint is equivalent to designated PPi» PP2 and FP^^ in die M-aiy system, 

the conditioii T =T^ where T/=T^4. Since die structure and Thus M hypodicses H^ 1=1, 2, .... M. are defined. Since a 

thefunctionofthcBPSK-QPP-DS-CDMAsystcmaresimi- Positive or negative pulse can be present in any pulsc- 

lar to die BPSK-BPP-DS-CDMA system, Ac transmitted posiU^M. die ttansmitted waveform 

wavefbnnPN;(t)andits possible pulse package patterns of 2M=2^ p^s^e duty-p^^ 

PNj(t) in «ich 3T are si^yje^^ and thus need not 2, ^ ' ^^^^X signal to be transmitted to 

be reHkscribedh«. In n^.9A.911wcc^^ so the^SSS^on 

pulses are present only m PPj, FPj. FPg. or PP4. Thus we ^ 

define four hypodieses ^ (S2) 

Hj: the pulses are present in PPi; 

Hi', the pulses are present in PP^; where Fj(X) is a rectangular pulse having duration T which 

H,: the pulses arc present in PP,; and starts at t=0 and b/e{ 1, -1 } for each L This d^t) is converted 

H,: the pulses are present in PP.. ^ ^-bit scrlal-tj>i)araM converter 910 into K paraUei data 

By cn]?)loying die analysis method used in die BPSK- sequences as follows: 
BFP-DS-CDMA system, the signai>to-noise ratios at die « ^53^ 

ou^uisofsummers361,362,363.and364inPPpPP2,PP3. « JUf)^ ^t>Mh^eit'Kn\ 

and PP4 of die BPSK-QPP-DS-CDMA system were doivcd ..^ ^ ^ 

^ where ro=l, 2. ...,K, and Pjc7(t) has duration KI. We thus 

form a sequence of vectors B^Khs* ^xti^i* • • • ^xh^K-i) 

2FT (49) the duradon of the vector Bj^ equal to KT, where the 

. r 2 1 * 65 superscript i of b/ has been omitted Since hfi{ 1,-1} every 

T [t J 1. thae are 2M possible vector patterns widiin cvco^ KT 

duration. 
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Just as with the BPSK-BPP-DS-CDMA and BPSK-QH^- 
DS-CDMA systems, one to one assignment between PN^' 
(t) and the 2M possible Bj^ vectors aie made and the 
transmitted signal x^X) can then be rquesented as 



(60) 



i»(IA3l<IAil.. 



^0= 



(34) 



For the case v^ere J users are present in the channel, the 
received signal can be represented as 



10 



^1 



W^(r-'^)imCos^i(f-'^)+4!f)+jt(0, 



(55) 



Since the a priori probabilities P(Ha), k^h 2 M, arc 

equal the probability of a correct decision by magnitude 
conqwrator 98« is equal to ^cfu^' ^ ^/c denote the prob- 
ability of a ccHiect decision of roagnimde comparator 980 
under the assimiption ttiat A|, A^, . . . and \j^g are indq>en* 
dent Then 



where PN^^(t) is the transmitted wavcfonn of the j4h usct 
Since only relative time delays and phase angles need be 
considered^ and of the i-di transmitter can be asstimed 
to be zero. i.c., ^pO and t^. 

Then, assuming coherent demoduladon, the performance 
of die BFSK-MFP-DS-CDMA system is evaluated In below. 

lust as with the BPSK-BPP-DS-CDMA system, if we 
consider PNp'(t) as a random sequence signal, the psd of 
FN^'(t) can then be derived as 



IS 



Oi 



Cli-I) 



(61) 
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On the <^CT hand, let P,w denote the ooire^nding prob- 
ability of a wrong decision by magnitude comparator 980. 
Then« 



(2(2(/i)y»...+(2<XA))^». 



(62) 



(56) 



where A-'^SIRKASai. In practice. Q(A)<l(r*, Thus we 
have 



If T,sT^ the bandwidtfas of the BPSK-DS-C1>MA and 
BPSK-MPP-DS-CDMA system arc the same. 

Then by employing the method used in die analysis of 
BPSK-BPP-DS-CDMA system, the two-sided psd around 
f=0 of die CCN within each PP„ 1=12. ... JM. can be 
considered as a constant with the value given by 



Let 



30 



«//>^2(w-i)e(A). 



(63) 



NJT 



1 



[-5-(/-i)PT,]. 



(57) 
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As widi die BPSK-BFP-DS-CDMA and BPSK-QFP-DS- 
CX>MA systems, the Wt ciior rate of die BPSK-MPP-DS- 
C3>MA system satisfies 



P.<-5- VPm^iM^xyQ 



(J 



2E* 



(65) 



2 

T 



(/- l)Fr, j+2Afe 



Nodce diat is 1/K of the Ny2 defined in Eq.(20). In 
other weeds, die psd of (X:N in die BPSK-MFP-DS-CDMA 
system is 1/K of die psd of CCN in die conventional 40 
BPSK-DS-CDMA system. 

4.1 Signal-to-noise Ratio of die BPSK-MPP-DS-CDMA 

System 

From Eq.(57), the signal-to-noisc ratios at the outputs kA factor. The related parameters for Ks3, 4, and 5 are given in 
summers of array of summos 96# in every pulse position 'Kble CI: 

PP,, 1=1, 2 M, of die BPSK-MPP-DS-CDMA system 

were derived and given by 



The in Eq.(65) is the energy used for one decision in the 
BPSK-MPP-DS-CDMA system. For QOIO"*. dxs factor 
(M-1) is approximately equivalent to a dB reduction in 
SNR. Then Or^ '*^ is die conesponding SNR reduction 



TABLE CI 



2PT 



Fbr 2(J-l)Pr/3K»No. we have 



(38) 



50 



K 


M-1 






P 


3 


3 


03 


039 


1335 


4 


7 


0.8 


0JB3 


1.66 


5 


15 


IS 


0j66 


1.65 



2PT 



1 



[4 



(/-i)w;] 



(59) 55 Comparing 6q.(65) with Eq.(23) under same bandwiddi and 
same bit error rate oon^nrison conditions, we arrive at the 
following conclusion: 
For Q( >=10'^ and for the multQ)le access capacity is not 
Con^Mring Eq.(S9) widi Eq.(22), that is, conqiaring die limited by die number N„ of available sequence signals in 
SNRofdieBPSK-MPP-DS-CDMAsystcmwididieSNR<rf ^ the pseudorandom sequence signal set {PNp(t» used in die 
conventional BPSK-DS-CDMA systems, we find die SNR bKK-MPP-DS-CDMA system, i.e., die number of users is 
has been improved by afactwof K. less than if 2(J-l)Fr^K>^o^tiic system of die jffescot 

4.2 Bit Error Rate of die BPSK-MPP-DS-CDMA System invention in^ves die multiple access caparily by a factor 
Let P(lA2l<lAJ, . . . ^^^J<A^\/\^\\:di) denote the joint of at least F=K10'^ *'^/2 over conventional systems. Some 

probabiKty that lAJ lA J are all less than I J assuming 65 specificresults arealso given inmicCl. Conversely, when 

IA|I and H|. Then the probability of a correct decision by the number of users readies the improvement in signal- 
magnitude conparator 9M under hypodiesis H| is to-noise ratio provides no furdier increase in mntdple access 
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capacity, bat does reduce die bit error rate. Furthcrmjore, 
(K-iyK of the transmissioii energy is saved since each 
duty-puise is present only in one of M pulse-positions and 
the power of eacb transmitted duty pulse is NfP/K. 

The present invention has been described hitherto wifli 
exemplary preferred embodiments. However, the scope of 
^e present invention need not be limited to these disclosed 
prefened embodiments. On the contrary, it is intended to 
cover various modifications and similar arrangements within 
the scope defined in the following q^>eaded claims. The 
scope of die daims should be accorded the broadest inter- 
pretation so as to encon^sass all such modificatioos and 
Mfwiiitr azrangcmcnts. 

What is claimed is: 

1. A method of transmitting and receiving a serial date bit 
stream in a direct-sequence code division multiple access 
communication system, comprising the steps of: 

(a) converting each group of K consecutive bits of the 
serial data bit stream into K parallel bits with a bit 
duration equal to KXT. where K is a preselected posi- 
tive integer larger than L, ^y** is a multiplication 
indicator, and T is the time duration of a bit in tiie serial 
data bit stream, and thus focming a K-bit vector from 
the K parallel bits such that serial K-bit vectors con- 
verted from serial groins of K consecutive bits form a 
sequence of K-bit vectors with every K-bit vector 
having said bit duration of KxT; 

(b) selecting a positive integer and dividing each said 
bit duratioD of K>T into Ni^ intervals with the time 
duration of each interval equal to T^, T^^^CxT/N^ 
where is a division indicator; 

(c) selecting a spreading-^equence signal (t) whidi has 
a sequence period of and a chip duration equal to 
said Tjy, where is a positive integer, 

(d) dividing each said chip duration of into M, 
M=2'^"S pulse-positions, eadi pulse-position having a 
time duration oi T/=T^p/M; 

(e) defining a mapping table by wbidi each K-bit vector 
formed in step (a) is converted during each said bit 
duration of lOO' into a package <rf N^^ duty-pulses, 
widi each duty-pulse the duty-pulse package appear- 
ing at a, pulse-position which is one of the M pulse- 
positions in each and with a jmseiected pulse 
polariQr, the duty-pulse packages and the duty-pulses in 
each duty-pulse package being generated sequentially 
to form a duty-pulse train; 

(f) modulating the duty-pulse train fonned in step (e) widi 
said spreading-sequence signal Sp{i) into a pulse- 
position modulated spreading-sequence signal; 

(g) modulating the pulse-position modulated spreading- 
sequence signal formed in step (f) with a cairia^ signal 
into a carrier-modulated signal and transmitting the 
canicr-modulatcd signal to a channel of the communi- 
cation system; 

(h) receiving as a received canier-modulated signal the 
carrier-modulated signal which is transmitted via a 
communication ^i^ T^p gi from the transmission portion 
of the communication system; 

(i) recovering die duty-pulses in each duty-pulse 
package f (Kmed in step (e) firom the received carrier- 
modulated signal by demodulating the received carrier- 
modulated signal synchronously with a locally gener- 
ated carrier signal and a sjaeading-sequenoe signal; 

Q) determining pulse-position and pulse polarity of the 
duty-pid ses in each duty-pulse padage received. 
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and determining by reference to the imping table 
defined in stq> (e) &e K-bit vector rq>ceseoted by each 
duty-pulse paickage received; and 
(k) convening each K-tnt vector dctcnnined in step (j) 
into corresponding K consecutive bits of a serial data 
bit stream. 

2. A method of tnnsmitting a serial data bit stream firom 
a data source to a communication channel in a direct- 
sequence code division mult^le access communication 
system, comprising the steps of: 

(a) converting eadi groq> of K consecutive bits of the 
serial data bit stream into K parallel bits wi& a bit 
duration equal to KxT, where K is a preselected posi- 
tive integer larger than 1, 'V* is a muitiplication 
indicator, andT is the time duration of a bit in the serial 
data bit stream, and thus forming a K-bit vector from 
the K parallel bits such that serial K-bit vectors con- 
verted firom serial groups of K consecutive bits form a 
sequence of K-bit vectors with every K-Wt vector 
having said bit duration of K>n^ 

(b) selecting a positive integer N^^ and dividing each said 
bit duration of K>^ into N^^ intervals with the time 
duration of each interval equal to T^, T^=Kyr/N^, 
where *T is a division indicator; 

(c) selecting a spreading-sequence signal Sp^t) which has 
a sequence period of and a chip duration equal to 
said T^, where is a positive integer; 

(d) dividing each said chip duration of into M, 
M=2^~S pulse-positions, each pulse-position having a 
time duration of T,=T,^; 

(e) defining a mapping table by which each K-bit vector 
fonned in stq) (a) is converted during eadi said bit 
duration of KxT into a package of Ni^ duty-pulses, 
widi each duty-pulse in the duty-pulse padcage appear- 
ing at a pulse-position which is one cf the M pulse- 
positions in each and with a preselected pulse 
polarity, the duty-pulse packages and the duty-pulses in 
each duty-pulse package being generated sequentially 
to form a duty-pulse train; 

(f) modulating the duty-pulse train f<»med in step (e) with 
said Reading-sequence signal Sp'(t) into a pulse- 
position modulated spreading-sequence signal; 

(g) modulating the pulse-position modulated Reading- 
sequence signal formed in step (f) with a carrier signal 
into a carrier-modulated signal and transmitting the 
carrier-modulated signal to a channel of the communi- 
cation systenL 

3. A me^od of recovering a serial data bit stream from a 
carrion-modulated signal received in a direct-sequence code 
division multiple access communication system, comprising 
the steps of: 

(a) receiving as a received carrier-modulated signal the 
carrier-modulated signal transmitted via a commnnica> 
tion cfaaimel firom the transmission portion of the 
communication system; 

(b) demodulating the received carrier-modulated signal 
synchronously with a locally generated carrier signal 
and a qxeading-sequence signal which has a chip 
duration equal to into a duty-pulse train that has a 
duty-pulse present in one of M pulse-positions within 
each said chq> duration T^, where Mb2'~^ and K is a 
positive integer defined in the transmission portion of 
the communication system; 

(c) considering each package of consecutive bits in 
said duty-pulse train as a dnty-pulse package and 
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detennining pulse-position and pulse polarity of (he 
N^p duty.pulses of each duty-pulse paiagc received, 
where N^p is a positive integer defined in Cfae transmis- 
sion pordon of the ccHnmunication system* then deter- 
mining by reference to the mapping table defined in the 
transmission portion of the communication system the 
K-bit vector rqvesented by each duty-pulse pac^e 
received; and 

(d) converting each K-Ut vector dtfennined in step (c) 
into c(HTespottding K ccxisecutive bits of a serial data 
bit stream. 

4. The method of claim 1, wherein flie spreading- 
sequence signal is a pseudorandcon sequence signal which 
generates a sequence of nearly random bits with bit duration 
equal to T^^ and having a sequence period of is a 
positive integer. 

5. The method of claim 1, wherein the spreading- 
sequence signal is a pseudorandom sequence signal having 
a diip duration of and a sequence period equal to 

6. The method of claim 1, wherein the spreading- 
sequence signal is a Gold code signal which has a dup 
duration equal to T^ and a code leng& equal to is 
a positive integer. 

7. The method of claim 1, wherein the spreading- 
sequence signal is a GM code signal having a chip duration 
of T<p and a code length equal to N^. 

g. The method of claim 1, wherein the spreading- 
scqueoce signal is an orthogonal code signal which has a 
<^i p duration equal to and a code length equal to 

9. The method of daim 1^ wherein die carrier signal is a 
sinusoidal sigpaL 

10. An apparatus for transmitting a scfial data bit stream 
from a data source to a communicatioD diannel in a direct- 
sequence code division multiple access communication 
system, comprising: 

a serial-to-parallcl converter for converting the serial data 
bit stream into K parallel bit streams with a bit duration 
equal to lOO*, where K is a preselected positive integer 
larger than 1 andT is the bit duration of the serial data 
bit stream, and for sending out a sequence of K-bit 
vectors formed from said K parallel bit streams; 

a pulse-position modulator for modulating a spreading- 
sequence signal with said sequence of K-fait vectors 
into a pulse-position modulated Reading-sequence 
signal such that each chip of said pulse-position modu- 
lated spreading-sequence signal has M pulse-positions« 
where Ms2'^'\ in each chip duration and has the 
pulse-positioD of duty-pulses wifiiin a duty-pulse pack- 
age, in said pulse-position modulated spreading- 
sequence signal determined fay a K-bit vector of said 
sequence of K-t»It vectors; and 

a carrier modulator for modulating said pulse-positton 
modulated Reading-sequence signal by a carder sig- 
nal into a carrier-modulated signal and for transmitting 
the carrier-modulated signal to a channel <^ the com- 
munication system. 

11. An ai^)aratU5 for recovering a serial data tit stream 
£rom a received carrier-modulated signal in a direct- 
sequence code dcvision multiple access c(Hnmunication 
system, con^ising: 

a carrier demodulator fc^ demodulating the received 
cairicr-modulated signal with a locally goserated car- 
rier signal synchronously into a pulse-position modu- 
lated spreading-sequeaoe signal; 
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a pulse demodulator conitected to said carrier demodula- 
tor for demodulating said pulse-position modulated 
spreading-sequence signal with a locally generated 
spieading-sequence signal synchronously into a duty- 
pulse train as an ouQMit signal of said pulse demodu- 
lator; 

an array of M switches connected to the output of said 
pulse demodulates and req[)ectively activated by M 
contiol-puise trains, where M=2'~'' and K is an integer 
laigar than 1 aiKl is defined in the transmission portion 
of the communication system, such that the duty-pulse 
train output from said pulse demodulator is demulti- 
plexed into M pulse trains, which have the duration of 
each pulse in the M pulse trains equal to the duration of 
duty-pulse of said duty-poise train, as M output signals 
of said array of M switches; 

an array of M matched filters connected respectively to 
said array of M switches to process the signals output 
from said array of M switches; 

an array of M samplers connected respectively to said 
array of M matched fiUcrs for sampling the signals 
output from said array of M matdied filters periodically 
with periods equal to T^ whoeT^ is the chip duration 
of said spreading-sequence signal; 

an array of M suimners connected respectivdy to said 
array of M sam^dcrs to sum the sampling data ou^t 
from each sampler of said array of M samplers, 
respectively, and thus to f<Hm M signals representative 
of M statistics periodically with periods equal to KxT, 
whereT is the bit duration of said serial data hit stream; 

an array of M absohite^value generates connected 
respectively to said amy of M summers for generating 
M signals rqxresentative of the absolute values of said 
M statistics; 

a magnit ude comparator for receiving and con^iaring the 
signals representative of the absolute values of said M 
statistics output from said array of M absolute-value 
gcnoatcH^ to find the statistic that has the largest 
absolute value among said M statistics and scndii^ out 
a decision-bit vector as an output of said magnitude 
coxt9>arator to indicate the statistic that has the largest 
absolute value among said M statistics; 

a switch circuit with M inputs connected respectively to 
said array of M sununers and activated by said 
decisioD-bit vector to allow only the signal re^sesen- 
tative of the statistic tiiat has the largest absolute value 
among said M statistics to pass therethrough as an 
output signal of said switch circuit; 

a comparator for receiving tiie signal output from said 
switch circuit and for comparing the signal with a 
reference vdtage of zero volt to generate a polarity 
decision bit as an output signal of said comparator; 

a logic dicuit for transforming said dedsioD-bit vector 
and said polarity decision bit into a dec^ihered K-bit 
vector jnrfiiiiing K data bits in parallel; and 

a parallel-to-seiial converter connected to said logic cir- 
cuit for converting a sequence of K-bit vectors into a 
serial data bit stream. 

IZ An q^karatus for recovering a serial data Hi stream 
from a received carrier-modulated signal in a direct- 
sequence code division multiple access communication 
system, comprising: 

a carrier demodulator for demodulating the received 
carrier-modulated signals with a locally generated car- 
rier signal syndironousiy into a pulse-position modu- 
lated ^oeading-sequence signal; 
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a pulse demodulator coonecccd to said carrier demodula- 
tor for demodulating said pulse-position modulated 
spreading-sequence signal with a locally generated 
spreading-soquence signal syacfaronously into a duty- 
pulse train as an ou^tot of said pulse demodulator; 

a pair of switches connected to the ou^t of said pulse 
demodulator and lespectivdy activated by two control- 
pulse trains sucb that the duty-pulse train ou^t from 
said pulse demodulator is demultiplexed into two pulse 
trains, which have the duration of each pulse in the two 
pulse trains equal to the duration of duty-pulse ci said 
duty-pulse train» as ou^ut sigoals of said pair of 
switches; 

a pair of matched filters connected respectively to said 
pair of switches to process the signals output from said 
pair of switches; 

a pair of samplers connected respectively to said pair of 
matched filters for sampling the signals ou^t from 
said pair of matched filters periodically with periods 
equal to 2T^ T,=T,y/M, is the chip duration 
of said spreading-sequeiice signal, M=^'*\ and Kis an 
integer latg^ 2 and Is defined in fiie transmission 
portion of the ooimimnication system; 

a first array of M/2 switches ooimected tothe first sampler 
of said pan of samplers and respectively activated by 
M/2 periodic control-pulse trains such that the input 
sampling data from said first saoq^ler are demultiplexed 
into M/2 parallel san^ling data periodically with a 
period of T^; 

a second array of M/2 switches connected to file second 
sampler of said pair of samplers and respectively 
activated by M/2 periodic control-pulse trains such th^ 
the input sampling data from said second sampler are 
demultiplexed into M/2 parallel sampling data periodi- 
cally also with a period of T^; 

an array of M summers oonoectcd to said first anay of 
M/2 switches and said second array d M/2 switches* 
respectively, to sum the data oi^put from each switch of 
said first array ctf" M/2 switches and said second anay ^ 
of M/2 switches and duis to genoate M sigiuds rc^e- 
sentative of M statistics periodically with periods equal 
to K>^, where T is fiie bit duration of said serial data 
bit stream; 

an array of M absolute-value generators connected 
respectively to said array of M summers for generating 
M signals representative of the atbsolute values of said 
M statistics; 

a magnitude comparator for receiving and coix^>aring the 
signals representative of the absolute values of said M 
statistics ou^t from said array of M absolute-value 
generators to find the statistic that has the laigest 
absolute value among said M statistics and sending out 
a decision-bit vector as an output of said magnimde 
conqnratar to indicate the statistic that has the largest 
absolute value among said M statistics; 

a switch circuit with M iiq>ut5 connected reflectively to 
said array of M summers and activated by said 
dedsion-fait vector to allow only the signal represen- 
tative of the statistic fiiat has the laigest disolutc value 
among said M statistics to pass therefiirongh as an 
output signal of said switch circuit; 

a oomparator for receiving fiie signal output from said 
switch drcuit and for conq>aring the signal with a 
reference voltage ci zero volt to goierate a polarity 
decision bit as an output signal of said OQii^)aratar; 
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a logic circuit for transforming said decision-bit vector 
and said polarity decision bit into a deciphered K-bit 
vector including K data bits in parallel; aiad 

a parallel-to-serial converter connected to said logic cir- 
cuit for converting a sequence of K-bit vectors into a 
serial data bit stream. 

13. An af^sarams f(x recovering a serial data bit stream 
from a received carrier-modulated signal in a direct- 
sequence code division mult^le access communication 
system, ooniprising: 

a carrier demodulator for demodulating (he received 
canier-modulated signal with a locally generated car- 
rier signal synchronously into a pulse-position modu- 
lated spreading-sequeooe sigoal; 

a pulse demodulator connected to said carrier demodula- 
tor for 4fmAtfulpi«g said pulse-position modulated 
spreading-sequence signal with a locally generated 
spreading-sequence signal synchronously into a duty- 
pulse train as an output signal of said pulse demodu- 
lator; 

an anay of M switches connected to the output of said 
pulse demodulator and respectively activated by M 
control-pulse trains, where M=2^~^ and Kis an integer 
larger than 1 and is defined in the transmission portion 
of file oommuoication system, such fiiat the du^-pulse 
train output tram said pulse draKxhilatoar is demulti- 
plexed into M pulse trains, which tiave the duration of 
each pulse in the M pulse trains equal to the duration of 
duty-pulse of said duty-pulse traln^ as M output signals 
of said array of M switches; 

an amy of M matched filt^ which are integtate-and- 
dump dicuits with integration intervals from 0 to lOCT^ 
where T is fiie bit duration of said serial data bit stream, 
being connected to said array of M switches, 
respectively, to process the signals output from said 
array of M switches; 

an array of M samplers connected respectively to said 
array of M matdied filters for sampling the signals 
ou^t from said array of M matched filters and for 
sending out fiie M sampling data representative of M 
statistics periodically with periods equal to 1&<T; 

an array of M absolute-value generators connected 
respectively to said array of M saix^lers for generating 
M signals r^irescntative of the absolute values of said 
M statistics; 

a magnitude con^iarator for receiving and con^>aring the 
signals representative of the absolute values of said M 
statistics output from said array of M absolute-value 
generators to find the statistic that has the largest 
absolute vahie among said M statistics and sending out 
a decisioik-bit vector as an output of said magnitude 
con^Mzator to indicate the statistic that has the laigest 
absohxte value among said M statistics; 

a switdi circuit wifii M inputs connected req)ectively to 
said anay of M sanq>lers and activated by said 
dedaon-bit vector to allow only (he signal rc^seseo- 
tative of the statistic which has the largest abscdute 
vahxe among said M statistics to pass fiieretfarougli as 
an output sigiutl of the switch circuit; 

a oomparator for receiving the signal output from said 
switch circuit and for comparing fiie signal with a 
reference voltage of zero vdt to generate a polarity 
decision bit as an output signal (rf said comparator; 

a lo^c circuit f<x transforming said dedsioo-blt vectcv 
and said polarity decision bit iato a decohered K-bit 
vector inchiding K data bits in parallel; and 
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a parallel-Co-sedal converter connected to said logic cir- 
cuit for converting a sequence of K-bit yedxxs into a 
serial data bit stream. 

14. An apparatus fcx* transmitting a sedal data bU stream 
from a data source to a communicatioo diannel in a direct- 
sequence code division mnltq>le access conuminication 
system, conqnsiog: 

means for converting the serial data bit stream into K 
parallel bit sir earns witfi a bit duration equ al to K^T so 
that a sequence of K-bit vectors is fonned from the K 
parallel bit streams* where K is a presdeded positive 
integff larger than 1 and T is tiw bit duration of the 
serial data Mt stream; 

means for modulating a spreading- sequence signal wi^ 
said sequence of K-bit vectors into a pulse-position 
modulated sprcading-scqueace signal such that each 
chip of said pulse-position modulated spreading- 
sequence signal has M pulsc^x)sitioDs, where M=2*~*, 
in each chip duration and has the pulse-position of 
duty-pulses within a duty-pulse package in said pulse- 
positi<m modulated Reading-sequence signal deter- 
mined by a K-bit vector of said sequence of K-bit 
vectors; and 

means for modulating said pulse-position modulated 
spreading-^equence signal with a carrier signal into a 
canier-modulated signal and for transmitting the 
carrier-modulated signal to a channel of the coanmuni- 
cation system. 

15. An apparatus for recovering a serial data fait stream 
from a received canier-modulated signal in a direct* ^ 
sequence code division naiiltq}le access communication 
system, comprising: 

means for demodulating the received canier-modulated 
signal with a locally generated carrier signal synchro- 
nously into a pulse-position modulated spreading- 
sequence signal; 

means for demodulating said pulse-position modulated 
spreadlng-sequence signal with a locally generated 
spveading-sequence signal synchronously into a duty- 
pulse train; 

means, connected to die output of said pulse-positi<Mi 
modulated spreading-sequence signal demod u lati ng 
means, fca* demultiplexing said duty-pulse train into M 
parallel pulse trains, w^di have the duration of each 
pulse in die M parallel pulse trains equal to the duration 
of duty-pulse of said duty-pulse train, where M=2'^'^ 
and Kis an integer larger than 1 and was defined in the 
transmission portion of the communication system; 

means, connected res^iectively to said dcmulti|dexing 
means, for matdied filtering respectively the M parallel 
pulse trains output from said demultipiexing means; 

means, connected respectively to said matched filtering 
means, for saiiq>ling die M output signals of said 
matched filtering means periodically with periods equal 
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to where is die chip duration of said spieading- 
sequence signal; 
means, connected respectively to said samj^g means, 
for summing the data ou^t frtsm each of said sam- 
pling means and thus to form M signals representative 
of M statistics periodically with periods equal to KxT, 
wheicT is the bit duration of said serial data bit stream; 
means, connected req)ective}y to said summing means, 
for generating signals rqvesentativs of absolute values 
of said M statistics; 
means, connected respectively to said absolute-value gen- 
erating means, for receiving and oonqiaring the signals 
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rtprcsttitative of the absolute values with one another 
to find the statistic that has die largest absolute value 
among said M statistics, so that |»7viding a decision-bit 
vector as an out of the receiving and comparing means 
to indicate die statistic ttiat has die largest absolute 
value among said M statistics; 

means, connected req>ectively to said summing means 
and activated by said decisioii-bit vector, for control- 
ling only die signal rqnresentative of die statistic diat 
has the largest absolute value among said M statistics 
firom said simiming means to pass tbexetlirough as an 
output signal of controlling means; 

n^ans, connected to said oontrdling means, for receiving 
the signal output fcom said controlling means and for 
conquring die signal widi a reference voltage to gen- 
erate a polarity decision bit; 

means for transforming said dedsioo-bit vector and said 
polarity decision bit into a deciphered K-t^t vector 
includhig K data bits in parallel; and 

means, connected to said transforming means, for con- 
verting a sequence of K-bit vectors into a serial data bit 
stream. 

16. An apparams for recovering a serial data bit stream 
from a received carrier-modulated signal in a direct- 
sequence oode-dlvision-multiple-acccss commnnication 
systenL comprising: 
means for d^nodulating the received canier-modulated 
signal with a locally generated carrier si^ial synchro- 
nously into a pulse-position modulated spreading- 
sequence signal; 
means for demodulating said pulse-position modulated 
spreading-sequence signal widi a locally generated 
spreading-sequence signal synchronously into a duty- 
pulse train; 

pnot demultiplexii^ means, connected to the output of 
said pulse-position modulated spreading-sequence sig- 
nal demodulating means, for demult^lexing said duty- 
pulse t rain into two parallel pulse trains, which have the 
duration of each pulse in the two parallel pulse trains 
equal to the duration of duty-pulse of said duty-pulse 
train, as two output signals of said prior demultiplexing 
means; 

means, connected respectively to said prior demultiplex- 
ing means, for matched filtering respectively said two 
output signals <tf said prior demultiplexing means; 
first sampling means, connected to the first matched 
filtering means of said two matched filtering means, for 
samplin g die output Signal of Said first matched filtering 
periodicaUy widi a period of 2T^ where T =T^ 
M, is die chip duration of said spreading-sequence 
signal, and K is an integer larger 2 and is 

defined in the transmission portion of die communica- 
tioo system; 

second sampling means, connected to the second niched 
filtering means of said two matched filtering means, for 
gjinnpiing die oulput signal of said second matched 
filtering means periodically also with a period of 2T^ 
first dcmultiplcsdng means, connected to said first sam- 
pling means, tor demiilt^dexing the sampling data into 
M/2 parallel data periodicaUy with a period of T^; 
sec<Mid dcmultq>lexing means, connected to said second 
MTttp ling means, for demult^lexing the 5tjjsp]in^ data 
into M/2 parallel data periodically widi a period (tfX^; 
means, connected respectively to said first and second 
dfm '^Mp l ^^ ^g means, for summing the data output 



03/29/2004, EAST Version: 1.4.1 



5,711871 



31 



32 



10 



IS 



from each output of said first and seooad dcmultipiex- 
ing means to fonn M signals rq>reseotative of M 
statistics periodically with periods equal Co K^T, wheie 
T is the hit duration of said serial data bit stream; 

means, cminected respectively to said summing means, ^ 
for generating signals repfesentativs of absolute values 
of said M statistics; 

means « connected respectively to said absolute-value gen- 
erating means, for receiving and conq>aring the signals 
representative of the absolute values with one another 
to find the statistic that has the largest absolute value 
among said M statistics, so that providing a decision-bit 
vectGv as an out of the receiving and comparing means 
to indicate the statistic that has the largest absolute 
value anoong said M statistics; 

means, connected respectively to said summing means 
and activated by said dedsion-blt vector, for control- 
ling only the signal representative of ttie statistic that 
has the laigest absolute value among said M statistics 
£rom said summing means to pass dieredirotigh as a 
controlling means output signal; 

means, connected to said controlling means, for receiving 
the signal output firom said controlling means and for 
con^aring the signal with a reference voltage d zero 25 
volt to generate a pdarity decision bit; 

means for transforming said decision-bit vector and said 
polarity decision bit into a decohered K-tsit vector 
including K data bits in parallel; and 

means, connected to said transfcmning means, for con- ^ 
vetting a sequence of K-bit vectors into a serial data bit 
streanL 

17. An apparatus for recovering a serial data bit stream 
from a received carrier-modulated signal in a direct- 
sequence code division multiple access communication 
system, comprising: 
means for demodulating the received camcr-mmhilatcd 
signal witii a locally generated cairier signal synchro- 
nously into a pulse-position modulated spseading- 
sequence signal; 
means for demodulating said pulse-position modulated 
spreading-sequencc signal with a locally generated 
spreading-sequence signal synchronously into a duty- 
pulse train; 

means, connected to die ou^t of said pulse-position 
modulated spreading-sequence signal demodulating 
means, for demultiplexing said duty-pulse trains into M 
pulse trains, which have the duration of each pulse in 
the M pulse trains equal to the duration of duty-pulse ot 
said duty-pulse train, where ^1=2''^ and K is an integer 
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larger than 1 and was defined in the transmission 
poitiott of the commnnication system; 

means, conneded respectively to said demultipiexing 
means, for matched filtering respectively by integrating 
from 0 to KXT the M parallel pulse signals output from 
said demult^)lcxing means, where T is the bit duration 
of said serial data bit stream; 

means, connected respectively to said matched filtering 
means, for sanyling die M output signals of said' 
matched filtering means periodically with periods equal 
to K>^ and thus providing M signals representative of 
M statistics; 

means, aumected respectively to said sanq)ling means, 
for generating M signab rqmsentative of absolute 
values of said M statistics; 

means, connected respectively to said absolute- value gen- 
erating means, for receiving and comparing the M 
signals rqxescntative of die absolute values with one 
another to find the statistic that has the largest absolute 
value amcmg said M statistics, so diat providing a 
decision-bit vectn' as an out signal of the receiving and 
conqiaring means to indicate the statistic dutt has the 
largest absolute value among said M statistics; 

means, connected respectively to said sampling means 
and activated by said decision-bit vector, for control- 
ling <»dy the signal representative of die statistic that 
has the laigest absolute value among said M statistics 
from said sampling means to pass therethrough as an 
ou^t signal of oontrdling means; 

means, ooimected to said controlling means, for receiving 
the signal output from said oontroUing means and for 
conqrazing the signal with a reference voltage to gen- 
erate a polarity decision bit; 

means for transf aiming said dedsion-tnt vcctOT and said 
polarity dedsioD bit into a dedpfaoed K-bit vector 
including K data bits in parallel; and 

meaiK, connected to said transforming means, for con- 
verting a sequence of K-bit vectors into a serial data bit 
StreanL 

IS. The method of claim 1, 2, or 3, wherein K equals 2. 

19. The mcdiod of claim 1, 2, or 3, wherein K equals 3. 

20. The method of claim 1, 2, or 3, wherein K equals 4. 

21. The ai^atus of claim 10, 11, 13, 14, 15, or 17, 
wherein K equals 2. 

22. The apparatus of claim 10, 11, 12, 13, 14, 15, 16, or 
17, wherein K equals 3. 

23. The a{^»ratus of claim It. U, 12. 13, 14, 15, 16, or 
17, wherein K equals 4. 
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